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Abstract
This fluid dynamics video shows high-frequency capillary waves excited
by the volumetric oscillations of microbubbles near a free surface. The
frequency of the capillary waves is controlled by the oscillation fre-
quency of the microbubbles, which are driven by an ultrasound field at
37 kHz. Bubble dynamics and capillary wave propagation are imaged
by high-speed video microscopy at 300,000 frames per second. Radial
capillary waves produced by single bubbles and interference patterns
generated by the superposition of waves from multiple bubbles are
shown. This video is an entry for the 2013 Gallery of Fluid Motion.
Introduction
Ultrasound fields can excite high-frequency capillary waves [1, 2]. This fluid
dynamics video shows high-frequency capillary waves excited by a microbub-
ble oscillating just beneath the free surface of the fluid. Volumetric oscilla-
tions of the bubble are driven by an ultrasound field. The fluid displaced
during expansion and compression of the bubble causes a periodic interface
perturbation, and the propagation of capillary waves. The frequency of the
capillary waves is controlled by the oscillation frequency of the microbubbles.
Experiments
Air bubbles (100-250 µm) are formed in the fluid and allowed to rise to
the free surface due to buoyancy. We use a moderately viscous liquid (10-
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100 mPa s) to slow down the drainage of the intervening liquid film and
prevent the bubbles from immediately bursting. The Newtonian fluids used
are water-glycerol mixtures, and water with a viscosity thickener (Laponite
S482, Rockwood). The density ρ is in the range 1000-1100 kg m−3 and the
surface tension γ of the liquid-air interface is in the range 60-70×10−3 N/m.
Ultrasound waves at 37 kHz are transmitted to the sample by a piezoelectric
disc driven by a waveform generator and a power amplifier. Visualization
is performed in the plane perpendicular to the free interface. The spatial
resolution is 2 µm at 10× magnification. The bubble dynamics and the
propagation of capillary waves are recorded using a high-speed camera at
300,000 frames per second.
Videos
Radial capillary waves produced by single bubbles and interference patterns
generated by the superposition of waves from multiple bubbles are shown.
The observed wavelength of the waves is ≈ 80 µm, to be compared with
the value predicted from the dispersion relation for capillary waves [3] for
f = 37 kHz, λ =
(
2piγ
ρf2
) 1
3 ≈ 100 µm. The observed speed of propagation is
≈ 3 m/s. A high-resolution and a low-resolution video (Video 1 and Video
2) are included.
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